INTRODUCTION process and storage. The emission of odours to the atmospheric air can take place at each of these stages. Maturation and proper composting phase are characterized by the greatest nuisance in terms of odour emission [Sówka et al.2017 ]. The composting process itself consists of 4 stages, depending on the temperature and the degree of acidification of the material being processed. Each of these stages may differ in the amount of odour emissions. Odour can be emitted from material used in composting process. Odour pollutants may also appear as a result of the metabolic processes of the microorganisms used in the process [Kwarciak-Kozłowska and Bańska 2014]. The main causes of odour emission in composting processes include insufficient aeration and excessive humidity, which may cause anaerobic conditions in the composting material [Sówka et al. 2017, Kwarciak-Kozłowska and Bańska 2014]. In addition, the emissions of odours also depend on the type of waste processed and on the technological aspects. In order to reduce the odour emission, the process should be carried out in closed reactors. They allow for easier control of the emitted pollutants. Running the process in an open area increases the odour emissions.
When managing odours from different sources, it is necessary to properly assess their environmental impact. It is a known fact that the odorous pollution can affect human life and decrease its quality [Capelli et al. 2013 ]. There are plenty of tools used in the evaluation of the odours emitted from different sources. Among them, we can distinguish the tools for mathematical modelling of dispersion of odorous pollution. These tools allow predicting how odours can spread from their sources [Pawnuk and Sówka 2019].
The main purpose of the work was to assess the extent of the odour impact associated with the composting process in a selected waste utilization plant, using model tools to predict the spread of odour pollution for the two assumed scenarios: the first representing the current state and the second, representing the improvement option by applying encapsulation of the ripping area and a biofilter.
SITE CHARACTERISTICS
The tested facility was a waste utilization plant. The plant area is about 72 hectares. Waste is collected from around 0.5 million people. The waste utilization plant serves 5 municipalities. The main purpose of the plant under study is a municipal waste management. The main technological elements in the plant are: a waste sorting plant, a waste composting system with biofilters, a landfill, a bioelectric plant and a sewage utilization plant. In addition, the plant also collects hazardous waste.
The considered plant is located in the suburbs of one of the major Polish cities. From the north, the plant borders with single service and commercial facilities. Near the eastern border of the plant, there is an express road, which is the main transport route. Additionally, a large service and commercial center is located about 170 meters from the eastern border of the facility. Further service and commercial facilities are located south of the plant. The west side of the plant is surrounded by forest areas. The plant itself is surrounded by a greenery belt. The closest clusters of residential buildings are located about 750 meters east of the plant, 670 and 1,100 meters west, 860 meters south, 600 meters north-west. Figure 1 shows the location of the plant together with the nearest residential buildings and service, and commercial areas marked out.
In the municipal waste composting plant, there is a set of several objects including a closed composting building (in the tunnels an accelerated composting process is carried out through intensive aeration), a building designed for cleaning and deodorization of process air through the system of scrubbers, a compost ripening area and a biofilter for the purification of air.
The composting building consists of 14 compost tunnels, divided by concrete walls. Each tunnel is 48 meters in length and 5 meters in width and is equipped with a ventilation plate. The filling of tunnels is carried out by successive supply of waste at the entrance to tunnels. Loading organic waste intended for composting takes place using loading conveyors. After 12 tunnels (2 reserve and emergency tunnels), there is a phase of intensive composting lasting a minimum of 21 days. Following this period, the product is exported to the compost ripening area (open space), where it undergoes a maturing process lasting 8 ÷ 10 weeks.
On the ripening square, the compost is laid in piles which are 5 m wide and 2.4 m high. The area of the square is approximately 20,000 m 2 . The exhaust air from the halls where the waste utilization process takes place is subjected to a deodorization process using three water scrubbers and a biofilter.
Two surface emitters were distinguished on the site: biofilter and prisms on the compost ripening area. Compost ripping area consists of 20 prisms located on the compost ripening area: 14 prisms created from the organic fraction sorted out from mixed municipal waste and 6 prisms created from wet waste.
RESEARCH METHODS
In order to determine the odour impact range of a selected waste utilization plant, two emission sources associated with the waste composting process have been identified at the first stage of research. The first of these included 6 biofilters that are used for air purification from the closed waste composting buildings. The second was the compost maturing area, where composting piles were stacked from two different materials -wet waste and the organic fraction sorted from mixed municipal waste. Both sources were classified as area sources.
The odour emissions based on determination of odour concentrations have been estimated using odour emission factor Fqod, ou E /(s*m 2 ) [Zespół Pracowni Zapachowej Jakości Powietrza, 2014] In order to determine the odour impact of the tested object, the obtained concentration and emission results were used to perform mathematical modelling of simulating the odour dispersion. The Operat Fb software was used to forecast the spread of pollutants from the analysed sources, in accordance with the Polish reference model contained in the guidelines in the Regulation of the Minister of the Environment of 26 January 2010 on the reference value for some substances in the air [Regulation of the Minister of Environment 2010]. The basic equation (1) that is used to determine the odour concentration in receptor points is based on a Pasquill formula. The odour dispersion modelling was performed for two different scenarios. In the first scenario (scenario 1), the current state of the plant was taken into account in odour dispersion modelling. The second scenario (scenario 2) assumes the reduction of odour emissions by including all processes related with composting of waste. The gases from the hermetic ripping area will be directed to a biofilter that works with 98% efficiency.
RESULTS AND DISCUSSION

Scenario 1
The parameters of the considered emitters (biofilter and the compost ripping area) are presented in table 1.
The results of odour dispersion modelling, including the results of the maximum odour concentration, frequency of exceedance and average annual odour concentration calculations, for the scenario 1 are shown in Figures 2-4 . In order to examine the potential impact on residential areas, location of nearest buildings (A1-A7 on the figures below) was included in odour dispersion modelling.
The analysis of the results pertaining to maximum odour concentrations distribution ( Figure 2 ) showed that the highest value in this case occurs inside the plant boundary in the compost ripening area (X = 1700, Y = 1800) and equals to 9,247 ou E /m 3 . The values of odour concentration outside the plant reach high values, especially in the case of service and commercial areas and residential buildings (from below 500 to around ca. 100 ou E /m 3 ). For the points representing the nearest residential building, the highest and the lowest values were obtained at point A3 (213 ou E /m 3 ) and A7 (93 ou E /m 3 ), respectively. Figure 3 shows the frequency of exceeding the maximum odour concentration. The highest frequency of exceedance was found inside the border of the plant (X = 1650, Y = 1700). At this point, the value reached 100%. In the case of residential buildings, the exceedance frequencies of the permissible level were obtained at each considered points. The highest value was found at point A4 (22.42%), while the lowest at point A2 (6.71%).
The highest value of average annual odour concentration (Fig. 4) , as in the previous case, was reported inside the plant boundary (X = 1700, Y = 1800) and is equal to 1,405 ou E /m 3 . In the case of residential buildings, highest value was found at point A4 and is equal to 5.16 ou E /m 3 .
Scenario 2
As an opportunity to reduce the plant's odour impact on the environment, application of all processes related to waste delivered to the plant was proposed. It was assumed that an important role in this scenario is played by the biofilter, which purifies the air from the composting building. Table 2 presents the emitter characteristics assumed in scenario no. 2.
The distribution of maximum odour concentration obtained from modelling in the second scenario is presented in Figure 5 . The highest value in the case of scenario 2 was found inside the plant boundary (X = 1750, Y = 1900) and equals to 874 ou E /m 3 , which is significantly lower in comparison to the first scenario (almost 11 times lower). In general, when analyzing the odour concentration distribution in the scenario 2, the odour concentrations outside the plant boundaries were also significantly lower (from ca. 30 ou E /m 3 to below 5 ou E /m 3 ). For additional receptor points (residential buildings), the odour concentration obtained values were also lower. In this case, the highest maximum odour concentration was found at point A3 and is equal to 6.314 ou E /m 3 . The calculations results pertaining to the frequency of exceeding the maximum odour concentration for scenario 2 are shown in Figure 6 . The highest frequency of exceedance was found inside the plant boundary (X =1750, Y = 1900) and is equal to 99.70 %, while the permissible threshold level is 3%. In the case of residential buildings, the frequency of exceedance has not been noticed. The highest value obtained was found at point A4 and is equal to 2.61%.
The distribution of average annual odour concentration values is shown in Figure 7 . The highest value of average annual odour concentration was reported inside the plant boundary (X = 1750, Y = 1900) and is equal to 181 ou E /m 3 (almost 8 times lower than in the case of current state). In the case of residential buildings, highest value was found at point A4 and is equal to 0.14 ou E /m 3 .
The calculations carried out showed a reduction of the odour concentration values in the second variant (scenario 2) compared to the current state (scenario 1). The comparison of results obtained for both scenarios is presented in table 3.
The highest values of maximum annual average concentrations are 9,247 ou E /m 3 for the first scenario and 874 ou E /m 3 for the second scenario, respectively. The highest average concentrations are 1,405 ou E /m 3 for the first scenario and 181 ou E /m 3 for the second scenario. The highest values of the frequency of exceedances are 100% for the first scenario and 99.7 for the second scenario.
The reduction ratio for emission is 0.97%, for the maximum odour concentrations is 0.91%, the average annual odour concentrations is 0.87%. The frequency of exceeding the maximum odour concentrations is 0.003%. The comparison of the results of calculating odour concentrations at additional receptor points is presented in Table 4 . The highest values of maximum annual average concentrations were noticed at A3 and are 213 ou E /m 3 for the first scenario and 6.3 ou E /m 3 for the second scenario, respectively. The highest average concentration values occur at point A4 and amounts to 5.16 ou E /m 3 for the first scenario and 0.15 ou E /m 3 for the second scenario. The highest value of the frequency of exceedances occurs at point A4 and is 22.42% for the first scenario and 2.61% for the second scenario.
CONCLUSIONS
Mathematical modeling is one of the most economical methods to assess the odour range and impact of waste utilization plants. The application of this type of tools can be particularly useful in situations where it is important to assess the effectiveness of the selected method to reduce odour emissions and thereby mitigate the odour impact of the selected installation or facility emitting odours. However, it should be emphasized that good quality of input data is necessary for reliable assessment of the odour range with the use 
